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Potassium deficiency in lupins 
—identification, rates, times and method of application 
Growth (background) in response to applied potassium fertiliser 
By W. J. Cox, Plant Research 
Division 
Large areas ofsandplain soils north 
of Perth are very low in potassium 
levels, and responses to applied 
potassium have been large for both 
sub. clover pastures and grain lupins. 
This article indicates where 
potassium might be needed, and how 
to diagnose and overcome 
deficiencies in lupins. 
Large areas of sandplain soils north 
of Perth contain low quantities of the 
essential plant nutrient potassium 
(3). Sub. clover establishment on 
these soils has proven extremely 
difficult and even where 
establishment is successful, the 
clover component slowly declines. 
Deeper rooted legumes such as 
sandplain lupins and serradella are 
better adapted to these soils and 
were therefore recommended (2,3). 
Although potassium deficiency has 
been identified in sandplain lupins 
use of potassium fertilisers was not 
considered economic. However, the 
value of fertiliser usage was re-
examined following the introduction 
of the higher-valued grain lupins, 
and after the diagnosis of potassium 
deficiency in a number of crops. 
OCCURRENCE OF POTASSIUM 
DEFICIENCY 
The occurrence of potassium 
deficiency in the narrow leafed 
lupins (Lupinus angustifolius) 
Unicrop, Uniharvest and Marri, 
depends on soil type, rainfall and 
management. 
Soil type 
Potassium occurs in the soil in a 
number of forms but only those 
forms available for plant growth are 
usually measured when testing for 
potassium. 
In most soils the potassium 
concentration is higher in the surface 
layer where potassium brought to 
the surface by plant roots is 
associated with organic matter. The 
potassium level then decreases down 
the profile except where clay or 
gravel occurs. 
Clay and gravel normally contain 
much more potassium, and where 
grey sand overlies yellow sand or 
these sands overlie gravel or clay, the 
depth to the clay or gravel 
determines whether plants become 
deficient and respond to applied 
potassium. 
Rainfall 
Potassium is retained in the soil 
attached to clay and organic matter 
and in most sandy soils with little 
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Plate 1. Potassium deficient Unicrop lupins. 
The oldest leaves have shed. 
clay or gravel, any potassium is 
readily lost through leaching. More 
potassium would therefore be 
leached in higher rainfall areas. 
Management 
Where little potassium was 
originally in the soil, farming 
practices which removed substantial 
quantities of potassium can increase 
deficiencies and even induce 
deficiency on soils originally well 
supplied with potassium. 
Cereal and pasture hay in particular, 
remove large quantities of 
potassium. A 2 tonne pasture hay 
crop can remove 15 to 60 kg of 
potassium per hectare, which is 
equivalent to 30 to 120 kg per 
hectare of muriate of potash (1). 
Removal of potassium through urine 
and dung from throughout the 
paddock to camping areas can also 
contribute to the problem. 
DIAGNOSIS OF DEFICIENCY 
Potassium deficiency in grain lupins 
has been identified over a large area, 
at Irwin, Mingenew, Eneabba, West 
Coorow, Badgingarra, Dandaragan, 
Mogumber, Bolgart and Gingin. 
Within these areas it is important to 
be able to predict particular areas 
where a deficiency is likely. Methods 
range from simple observation to the 
more complicated processes of soil 
and plant analysis. 
Deficiency symptoms 
Potassium deficient lupins are 
generally shorter and paler, and 
produce less growth and lower grain 
yield than those supplied with 
adequate potassium. The effect on 
grain yield is primarily due to fewer 
pods, but there are also fewer seeds 
per pod and the seeds are smaller. 
Table 1. Potassium levels (ppm) on a number of sandplain soils 
Location 
Eneabba 
Eneabba 
Eneabba 
Badgingarra 
Badgingarra 
Badgingarra 
Badgingarra 
West Coorow.... 
Dandaragan 
Dandaragan 
Mogumber 
Soil type 
Grey sand over yellow at 80 
cm 
15 cm grey sand over yellow 
and clay at 80 cm 
15 cm grey sand over white 
sand 
15 cm dark grey sand over 
gravel 
deep grey sand 
grey sand over pale yellow 
sand 
grey sand over pale yellow 
sand 
pale yellow over dark yellow 
pale yellow over dark yellow 
10 cm grey sand over yellow 
sand 
grey sand over yellow sand 
at 40 to 60 cm 
Depth (cm) 
Oto 10 
12 
20 
20 
150 
40 
7 
6 
10 
10 
28 
20 
10 to 30 
3 
10 
15 
90 
20 
3 
4 
10 
14 
7 
10 
30 to 60 
5 
20 
10 
10 
2 
2 
20 
11 
6 
below 10 
60 to 100 
5 
30 
10 
— 
20 
1 
1 
20 
below 5 
6 
below 10 
Potassium deficiency has no effect 
on the protein content of grain. 
The specific symptoms associated 
with potassium deficiency vary with 
species. In the narrow leafed lupins 
Unicrop, Uniharvest and Marri, the 
oldest leaflets develop mild 
yellowing at the tips followed almost 
immediately by leaf loss. The result 
is a stunted plant with all the leaves 
at the top (Plate 1). 
W.A. Blue lupins (Lupinus 
cosentinii) do not shed their leaves to 
the same extent as the narrow leafed 
varieties and these show specific leaf 
symptoms (Plate 2). In all lupins it is 
the oldest leaves that show the 
symptoms, while the younger leaves 
appear quite healthy. Deficient 
plants also appear more susceptible 
to the disease brown leaf spot 
(Pleiochaeta setosa). 
Leaf shedding can be caused by a 
number of other factors not specific 
to potassium deficiency including 
disease, other nutrient deficiencies, 
and moisture stress. In these cases it 
is necessary to follow up with plant 
analysis to verify or determine the 
cause of specific symptoms. Plant 
analysis is also useful in cases of sub-
clinical deficiency where there are 
no obvious symptoms but where the 
addition of potassium fertiliser will 
increase yield. 
Plant analysis 
A more certain way of identifying 
deficient lupins is through plant 
analysis or "tissue testing" which 
measures the concentration of 
potassium in part or all of the plant. 
The amounts of potassium in healthy 
and deficient lupins are established 
by trials and experience, and vary 
with the plant's stage of growth and 
the plant part harvested (Table 2). 
For practical purposes, whole plants 
should be sampled and analysed. 
Plant analysis is the only way to be 
certain of a deficiency but it has the 
drawback of being expensive. An 
additional problem is that the 
confirmation is generally received 
too late for the deficiency to be 
corrected in the same growing 
season unless samples are collected 
at an early growth stage. 
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Fig. 1. Relationship between yield and soil potassium 
Soil testing 
Although soil type can be used to 
identify likely potassium deficient 
soils, soils do vary considerably. 
Specific diagnosis of potassium 
deficiency on a paddock basis is 
possible by testing the soil. The test 
gives the amount of potassium likely 
to be extracted by a plant, and trial 
results relate this to the response of 
plants. 
The relationship between soil 
potassium and yield expressed as a 
percentage of maximum yield is 
illustrated in Figure 1. These results 
indicate that response to potassium 
fertiliser is unlikely if the soil 
contains more than 40 ppm 
extractable potassium. 
However the potassium soil test does 
not indicate exactly how much 
fertiliser should be applied. This 
Table 2. Effect of stage of development and plant part on the 'critical level' 
Growth stage and plant part 
8 to 10 leaves 
first flowers 
first flowers 
first flowers 
first flowers 
flowers on laterals 
post flowering 
whole tops 
whole tops 
petioles 1 to 5 
petioles 6 to 10 
whole tops 
Critical level 
% of potassium 
3 1 
29 
1 5 
2.1 
1.2 
0.6 
1 3 
0.5 
1.2 
0.9 
Table 3. Optimum rate of potash application (kg/ha) 
Soil 
Potassium 
level 
(ppm) 
Oto 10 
11 to 20 
21 to 30 
31 to 40 
above 40 
Muriate of potash $ 140/tonne lupins at 
$80 
130 
130 
0 
0 
0 
$100 
145 
140 
18 
0 
0 
$120 
160 
150 
45 
20 
0 
Muriate of potash $ 160/tonne lupins at 
$80 
115 
120 
0 
0 
0 
$100 
135 
130 
0 
0 
0 
$120 
150 
140 
25 
0 
0 
depends on factors such as rainfall, 
temperature, time of planting and 
the amount of other available 
nutrients in the soil. Used sensibly a 
soil test can help define problem 
areas and provide a guide to the 
amount of potassium required. 
POTASSIUM FERTILISER 
USAGE 
Once deficient soils and pastures 
have been identified the amount of 
potash needed to overcome the 
deficiency and increase production 
must be decided. This amount 
depends on the soil type and other 
factors influencing crop yield 
response to potash, as well as the 
cost of the fertiliser and the value of 
lupin grain. 
Prices for potash fertiliser and lupin 
grain greatly affect the cash benefit 
of applying the fertiliser. These 
prices are constantly changing and 
therefore the most profitable rates 
vary with them. Expected yield 
increases should obviously cover the 
cost of fertiliser and cost of 
application and still leave a margin 
for risk and profit. Trials between 
1974 and 1977 examined the rates 
and times of potassium application 
(see Figure 2). These results gave 
the basis for recommendations, and 
Table 3 indicates the approximate 
levels of application which are likely 
to be economic for a range of grain 
and fertiliser prices. 
Where the soil potassium level is less 
than 20 ppm, the amount of 
potassium fertiliser required is 
considerably greater than at a higher 
level of soil potassium. At soil levels 
above 40 ppm it has so far been 
uneconomical to apply potash. 
The residual value of applied 
potassium is unlikely to be high 
because unlike phosphorus, it is 
leached out of the root zone and 
removed in grain. Lupin grain 
contains. 0.75 to 0.9 per cent 
potassium which amounts to 7.5 to 
9.0 kg of potassium or 15 to 18 kg 
potash per tonne of grain removed. 
Apart from increasing grain yields, 
potash fertiliser also increases the 
stubble available for summer 
grazing and builds up soil fertility 
which can increase production and 
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improve quality of the grass 
component of the following pasture. 
If wheat, oats or barley follows 
lupins, increased yields can be 
expected from the build-up of soil 
nitrogen. Cereals can remove soil 
potassium much more efficiently 
than lupins and sub. clover and it is 
unlikely, except in the most deficient 
situations, that there will be any 
direct residual effect of potassium on 
cereal growth and yield. The rates 
suggested in Table 3 do not take these 
secondary benefits into consideration. 
Table 3 is based on application at 
the optimum time of about four 
weeks after germination. 
Time of application 
Potassium is readily leached from 
sandy soils and consequently should 
be applied when the crop can best 
make use of it. Trial results indicate 
that application delayed four to 
eight weeks after seeding gives 
highest yields although economic 
responses can be obtained from 
earlier or later applications. 
The yield differences associated with 
different times of application 
(Figure 3) have been explained in 
field trials near Badgingarra on the 
basis of the pattern of root 
development, rainfall intensity, and 
leaching losses. Application at 
seeding followed by heavy rain 
resulted in large leaching losses 
before roots have developed. 
Application after four to eight weeks 
coincides with root development, and 
although leaching losses occurred, a 
considerable amount was absorbed 
by the roots. 
Application at four weeks has been 
consistently best, with application at 
eight weeks not as good but 
considerably better than application 
at seeding. In these same areas 
nitrogen application on cereals 
should also be delayed three to four 
weeks after seeding. 
Delayed application increased the 
efficiency of utilisation from 18 per 
cent when applied at seeding, to 36 
and 40 per cent at four to eight 
weeks after seeding respectively. 
Method of application 
Although muriate of potash can be 
mixed with other fertilisers including 
superphosphate, direct drilling of 
potash or mixtures can severely 
reduce germination of lupins due to 
a salt affect. In this respect potash is 
like the nitrogen fertilisers and the 
effects are greatest if the fertiliser is 
drilled with the seed in moist 
conditions and a dry period follows. 
Potash should therefore be 
topdressed separately. 
Alternative sources of potassium 
Although muriate of potash (50 per 
cent potassium) is the commonly 
recommended source of potassium 
Geraldton 
Dongara \ » A • Mingenew 
500 mm rainfall .. ".••'•] •' 4& 
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1
 * * - A 
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Fig. 2 Sites of trials on the rates and times of potassium application 
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Fig. 3 Effect of time of application on yield 
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Plate 2. (above). Potassium deficient W.A. Blue lupins. Note the 
yellowing and death at the edges of the leaf 
an alternative, sulphate of potash 
(41 per cent potassium) is also 
available although considerably 
more expensive. Muriate of potash 
costs $114.90 a tonne (bulk) or 
$125.70 a tonne (bags) from 
Bayswater, or $128 a tonne in bags 
from Geraldton. 
Sulphate of potash is preferred for 
some crops which are sensitive to 
chloride, but this is unlikely with 
lupins. Langbeinite (19 percent 
potassium) is a mixed 
potassium—magnesium sulphate 
produced at Lake McLeod, north of 
Carnarvon, but not sold in W.A. 
Problems regarding the use of or 
need for potash on lupins can be 
discussed with district advisers of the 
Department of Agriculture, who can 
interpret the recommendations to 
suit particular farm situations. 
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